Purpose-The study complements the scant macroeconomic literature on the development outcomes of social media by examining the relationship between Facebook penetration and violent crime levels in a cross-section of 148 countries for the year 2012.
Introduction
In every corner of the earth, there are a growing number of citizens who considerably rely on social media for information and discussion. The knowledge gained could either moderate their position on some conflicting interests or consolidate their radical standpoint.
Discussions may be within personal networks as well as individuals without any prior ties with whom offline interactions would have been impossible owing to, inter alia: distances and asymmetric daily schedules (Barberá, 2015) . In the light of the growing relevance of social media platforms in everyday corporate and household activities, a recent World Bank report on digital dividends has recommended more research on the socio-economic and development consequences of social media (World Bank, 2016) .
In response to above policy concern, the positioning of this study on the relationship between social media and crime is motivated by the growing cost of crime and violence on the one hand and gaps in the literature, on the other. These two issues are substantiated below in this order.
First, a substantial part of annual global wealth is increasingly being spent by governments in the prevention and mitigation of violence, crimes, political-instability with consequent externalities (Asongu, 2018; GPI, 2016; Anderson, 2015; Asongu and KodilaTedika, 2017) . According to the attendant policy and scholarly literature, the underlying annual global wealth spent is about 14.3 trillion USD and represents the combined Gross Domestic Product (GDP) of the following advanced countries, namely: Brazil, Canada, France, Germany, Spain and the United Kingdom (UK). This policy effort can be considerably improved with evidential insights into the relationship between social media and crime across the world. Unfortunately, the extant macroeconomic contemporary literature on this interconnection is rare because of a lack of appropriate data.
Second, the existing literature on crimes can be summarized in two main strands, notably: (i) studies on crime and (ii) literature on the relationship between social media and crime. The former strand has largely focused on: risk evaluations in decisions on sentencing (Kopkin et al., 2017) ;assessment of parallels between mass incarceration and mass deportation (Tanya, 2017) ; determinants of drug use after sentencing (Rao et al., 2016) ; the relevance of legal origins in cross-country consequences of crime (D'Amico and Williamson, 2015) ; the role of restorative justice in crime prevention (Wood, 2015) ; the imprisonment of adolescents that are traumatized (Mallet, 2015) ; drivers and deterrents of juvenile delinquency after sentencing (Olashore et al., 2017) ; the relationship between inequality, imprisonment and public health (Wilderman and Wang, 2017) and strategies designed to support families and children whose parents have been imprisoned (Kjellstrand, 2017) . The strand of literature on the association between social media and crime has focused on: developing social mediabased suicide prevention messages (Robinson et al., 2017) ; the use of Twitter to monitor mental health discussions (McClellan et al., 2017) ; examining suicide risks and emotional distress in Chinese social media (Chen et al., 2017) ; social media and the emerging suicide death rate among military personnel (Bryan et al., 2018) and the designing of microblog direct messages used in the engagement of users of social media who have suicide intentions (Tan et al., 2017) .
Noticeably, the foregoing literature has the shortcoming of being too exploratory and countryspecific. For instance, the study by Robinson et al. (2017) , Tan et al. (2017) and Chen et al. (2017) were focused on China while, Bryan et al. (2018) was concerned with the United States of America. The present study addresses this country-specific shortcoming by employing a global dataset of 148 countries on the one hand and on the other, decomposing the dataset into regions and income levels, in order to increase the policy relevance of the study. The disaggregation is also motivated by the imperative of articulating developing countries, in order to address a concern by the World Bank which maintains that the development consequences of social media, especially in developing countries have not been substantially researched and documented (World Bank, 2016) 1 .
In the light of the observation of the World Bank, a reason for the scant empirical analyses on the macroeconomic consequences of social media is the lack of relevant data. As far as we have reviewed, only five studies have employed a recent Facebook penetration dataset to assess the association between social media usage and development outcomes. Kodila-Tedika (2018) has investigated the link between Facebook penetration and the governance of natural resources, Jha and Sarangi (2017) have examined if Facebook penetration influences corrupt behavior while Jha and Kodila-Tedika (2018) have investigated if democracy is promoted by Facebook penetration. Odhiambo (2019a, 2019b) have assesses nexuses between social media, tourism and governance.
The current study improves this strand of literature by evaluating the strength of the connection between Facebook penetration and crime. The empirical evidence is based on 1 The positioning and design of this paper is consistent with the extant recent empirical and theoretical studies on the relevance of information technology in: (i) enhancing conditions for human development (Afutu-Kotey et al., 2017; Bongomin et al., 2018 ; Asongu and Boateng, 2018; Gosavi, 2018; Hubani and Wiese, 2018; Minkoua Nzie et al., 2018; Isszhaku et al., 2018; Abor et al., 2018; Muthinja and Chipeta, 2018; Nwachukwu, 2018a, 2018b) and improving society with opportunities for human emancipation (Kreps and Kimppa, 2015; Tatnall, 2015; Lennerfors et al., 2015; Patrignani and Whitehouse, 2015; Aricat, 2015; Lahtiranta et al., 2015; Tchamyou, 2017 Tchamyou, , 2018 Tchamyou and Asongu, 2017 The results of our empirical analyses have significantly improved the narratives in the aforementioned exploratory and country-specific studies in three key ways. First, they complemented the description by Tan et al. (2017) and other country-specific studies by confirming the policy relevance of the negative association between social media and crime.
This global dimension can lead to the adoption of more holistic policies that are applicable to a wide variety of countries. Second, the findings improve exploratory studies (e.g. Robinson et al., 2017) by establishing that the hypothetical negative relationship between social media and crime withstands empirical scrutiny within the framework of Facebook penetration.
Third, contrary to the previous studies, our findings do not support a "one size fits all implications for policy" because they are articulated along two main dynamics: on the one hand, income levels and regions and on the other hand, initial levels of crime. Accordingly, beyond the emphasis on income levels and regions, the fact that the estimated negative relationship is exclusively apparent at the highest quantile of the crime distribution is an indication that blanket policies on the nexus between Facebook penetration and crime cannot be effective unless they are contingent on initial levels of crime and tailored differently across countries with low, intermediate and high initial levels of crime.
Overall, the findings are broadly consistent with the existing literature. According to Chen et al. (2017) , social media can be used to effectively assess emotional distress and suicide risk. Robinson et al. (2017) concluded that social media could potentially be an important mechanism for the prevention and moderation of distress as well as suicidal behavior and thoughts. This is consistent with the position of Bryan et al. (2018) who subsequently found that certain sequences in the content of social media could predict the cause and timeline of death by suicide. The conclusions of Bryan et al. (2018) are in line with Tan et al. (2017) who reported that whereas web-based interventions can be effective in the prevention of online suicide, it is also imperative to increase user engagement with online information and discussion groups.
The rest of the study is structured as follows. Section 2 dwells on the theoretical underpinning whereas the data and methodology are covered in Section 3. The empirical results are presented in Section 4 while Section 5 concludes.
Theoretical underpinnings
The theoretical connection between social media and crime can be elucidated from can be used to fuel the wound culture because it is a mechanism by which information is exchanged to either increase contention or hatred among users or improve harmony and moderation among them. In the latter scenario, conflict management and social control models are more relevant.
Social control and conflict management models have been used to substantiate theoretical underpinnings in recent conflict management literature (Asongu and KodilaTedika, 2017) , namely: the Conflict Management Model (CMM) of Thomas-Kilman (1992) and the Social Control Theory (SCT) Black (1990) . The SCT maintains that relationships between organisations, groups and individuals typically affect the exercise of one among five fundamental channels of social control, notably: self-help, settlement, avoidance, tolerance and negotiation. Conversely, the CMM argues that strategic ambitions that are very likely to centre on a two dimensional matrix (of cooperation and assertiveness), when merged with collaboration could result in five principal styles in the management of conflicts, namely:
avoidance, compromise, collaboration, competition and accommodation. These theoretical insights are broadly in line with the conflict management literature (Borg, 1992; Volkema and Bergmann, 1995; Akinwale, 2010; Asongu and Kodila-Tedika, 2017) .Social media provides the platforms which underpin the conflict management and social control theories herein discussed.
The effectiveness of either the WCT or social control theories depends on technology acceptance models. In accordance with recent social media (Nikiforova, 2013; Lee and Lowry, 2015; Cusick, 2014) and information technology (Yousafzai et al., 2010; ) studies, technology acceptance models are dominated by three principal theories which justify the adoption and use of specific types of communication tools. They are: (i) the: theory of reasoned action (TRA), (ii) theory of planned behavior (TPB) and (iii) technology acceptance model (TAM).
Consistent with the TRA, the underpinning hypothesis is that, when the acknowledgement of actions come into play, customers display rational features (Fishbein and Ajzen, 1975; Ajzen and Fishbein, 1980; Bagozzi, 1982) . Given the context of the study, these rational traits could motivate new ideas, notably: either to the resolution of conflicts or in the perception of crime as a solution to conflicts. The TPB is an extension of the TRA which articulates the absence of a difference between customers who are conscious of the ramifications of their actions and those that are lacking in this consciousness (Ajzen, 1991) .
The theory is in accordance with social media because crime prevention or crime propagation can be done by users with or without, adequate certainty on the soundness of the information being shared. Concerning the TAM, the principal driver behind a customer's motivation to adopt a specific technology is traceable to preferences and the will of a client to adopt and use a specific means of communication (Davis, 1989) . Hence, the selection of social media platform by a user is contingent on the relevance of the social media network in attenuating or fuelling crime.
The three strands of theories, which were discussed in the previous paragraphs, are also relevant to the positioning of this study because: (i) Facebook penetration entails the adoption and usage of a specific type of social media (which is consistent with technology acceptance models) and ( Within the specific context of this study; (i) the utilitarian view is apparent when a social media platform is adopted by an individual because he/she presumes that such a platform is relevant in enhancing his/her opportunities for fuelling or preventing crime; (ii) with regard to the behavioural view, even in a scenario where personal motivation is not apparent, an individual can still take the decision to use social media if he/she already has some degree of awareness that adopting social media for crime-related purposes is a social norm; (iii) psychological and personal motivations can also be important in the decision of an individual to adopt a social media platform for crime-related concerns if the person is motivated by private potential rewards in crime prevention and/or crime instigation by means of social media and (iv) the importance of belief formation in a individual is consolidated by the view that it is an accepted social norm that social media can either be used to prevent crime or instrumented to fuel crime.
In the light of the above concepts, the decision by an individual to adopt Facebook for a crime-related ambition can be inspired by both idiosyncratic (or individual) and systemic (or social) factors as well as the potential advantages of using the social media platform to realise his/her crime-related objective.
The choice of variables in the conditioning information set is consistent with wound culture (i.e. for the Would Culture Theory), conflict management (i.e. for the Conflict Management Model) and social control (i.e. for the Social Control Theory). These control variables which are discussed in the data section include: (i) access to weapons, (ii) homicide rate, (iii) prison incarcerations, (iv) violent demonstrations and (v) conflict intensity.
Data and methodology

Data
The study focuses on a cross-section of 148 countries for the year 2012. (Asongu and Acha-anyi, 2018; Asongu, 2018) . Moreover, to the best of our knowledge, the sources are used by authoritative scholarly and policy reports and datasets on crime and peace. These include: reports on the global peace index and the global terrorism database.
The dependent variable is the level of violent crime from the Qualitative assessment by the EIU analysts' estimates while the data on Facebook penetration (which is a proxy of social media usage) is from Quintly, which is a social media benchmarking and analytics Solution Company 2 .This data on social media is consistent with recent literature on the consequences of social media on development outcomes (Jha and Sarangi, 2017; Jha and Kodila-Tedika, 2018; Kodila-Tedika, 2018; Odhiambo, 2019a, 2019b) . Such confirms the authenticity of our source of data on Facebook penetration. However, as in the case of these other previous studies, the findings are interpreted as simple correlations without causal inferences. This is due to, the cross sectional nature of the dataset. This caveat is also disclosed in the concluding section. In summary, in the absence of panel data, the use of cross-sectional data to inform scholars and policy makers on the relationships between a new phenomenon (such as social media penetration) and social outcomes (such as crime), is a useful initial scientific activity.
Five main control variables are adopted in this study. They are: (i) access to weapons;
(ii) homicide; (iii) incarcerations; (iv) violent demonstrations and (v) conflict intensity. The selection of the variables to be included in the conditioning information set is supported by the findings of recent studies on the determinants of conflicts, crime, incarcerations and violence (Asongu and Acha-anyi, 2018; Kodila-Tedika, 2016, 2017; GPI, 2016; Freytag et al., 2011; Blanco and Grier, 2009 ). They commonly advised that variables which are most likely to be associated with crime (as documented in the attendant literature)
should be used as control variables. In accordance with the existing literature, we expect these variables to positively influence the crime rate. This is essentially because they reflect conditions that are favorable to criminality and violence. The choice of these control variables is also consistent with the aforementioned theories because they are by definition concomitant with wound culture, conflict management and social control. Appendix 1 provides the definitions of variables while Appendix 2 discloses the summary statistics (in Panel A) and the sampled countries (in Panel B). A correlation matrix is also provided in Appendix 3.
Secondary data is used for the study. Hence, contrary to the requirement of discussing how the data is collected as it is the case of primary data, the study defines the variables, justifies the reliability of their sources and articulates how the choice of the variables are in conformity with existing literature and the problem statement being investigated. The interested reader is advised to obtain further information on how data on each variable was collected by referring to the original sources identified in the previous paragraph
Methodology
Ordinary Least Squares
Borrowing from recent literature based on cross-sectional observations, the Ordinary Least Squares (OLS) estimation strategy is considered because the underlying assumptions are in agreement with the nature of the dataset. The latest articles have advised the use of this estimation approach on cross-sectional data (Andrés, 2006; Asongu, 2013a; Kodila-Tedika and Asongu, 2015) . The following equation illustrates the relationship between Facebook penetration and crime. 
Tobit regressions
The level of violent crime as rated by the EIU analysts' varies from 0 to 5.
Theoretically, the OLS approach could be complemented with Tobit regressions because the dependent variable has a restricted range (Kumbhakar and Lovell, 2000; Ariss, 2010; Coccorese and Pellecchia, 2010) . Moreover, a double-censored Tobit approach is the same as estimating with a linear regression technique because the two likelihood functions coincide (Coccorese and Pellecchia, 2010; Asongu and Nwachukwu, 2016; Ajide et al., 2018) .
The standard Tobit model (Tobin, 1958; Carsun and Sun, 2007 ) is represented as follows: 
where  is a non-stochastic constant. In other words, the value of * ,t i y is missing when it is less than or equal to  .
3.2.3Quantile Regressions
The OLS and Tobit regressions discussed in the previous two sections are based on the conditional mean of the dependent variable. In order to address this static concern, the Quantile regression approach is adopted to estimate parameters throughout the conditional distribution of the dependent variable (Koenker and Bassett, 1978) . While mean effects in the previous two estimation techniques are relevant, the Quantile regression technique articulates lower, intermediate and higher levels of crime. The Quantile regression strategy is increasingly being employed in the empirical literature in order to provide more policy implications. Most notable studies are in: health (Asongu, 2014a) , finance, (Asongu, 2014b) and corruption (Billger and Goel, 2009; Asongu, 2013b; Okada and Samreth, 2012) . x is shown as:
where, unique slope parameters are modelled for each  th specific quantile. This formulation is analogous to
in the OLS slope where parameters are assessed only at the mean of the conditional distribution of the crime rate. For Eq. (5) 
Presentation of results
The empirical results pertaining to OLS and Tobit regressions are presented in Table 1 .
Findings reported on the left-hand side (LHS) and right-hand side (RHS) are respectively from OLS and Tobit regressions. The following outcomes are observable from the table.
First, Facebook penetration is negatively correlated with the crime rate. The negative relationship is robust to the first-three specifications on the LHS and the first-two specifications on the RHS. It is important to note that the best specification is the third because concerns of multicollinearity are less noticeable. Putting aside the concern of multicollinearity, univariate regressions depict a negative correlation between the two variables of interest. However, the magnitude of negative relationship decreases as the number of variables in the conditioning information set is increased. This change is normal because in the real world, Facebook penetration and crime do not interact in isolation, but the connection is contingent on other determinants of crime. Moreover, as more control variables are added to the specifications, the coefficient of adjustment (i.e., adjusted R-squared)
increases. The significant determinants of crime (or control variables) in the conditioning information set have the expected positive signs. ***,**,*: significance levels at 1%, 5% and 10% respectively. Table 2 provides the Quantile regressions results which are based on the third specification of OLS and Tobit regressions in Table 1 . As discussed previously, this third specification in Table 1 provides our best Facebook estimator because issues of multicollinearity are more apparent in the fourth specification. Consistent differences in the estimated Facebook coefficients between the OLS/Tobit and Quantiles regressions (in terms of sign, magnitude and significance) provides justification for our decision to employ the three separated estimation methods in this study. The main finding in the Quantile regression in Table 2 is that, the established negative relationship between Facebook penetration and crime is highest in the 90 th quantile. Again, the significant control variables display the expected signs. *, **, ***: significance levels of 10%, 5% and 1% respectively. OLS: Ordinary Least Squares. R² for OLS and Pseudo R² for quantile regression. Lower quantiles (e.g., Q 0.1) signify nations where Crime is least.
Extension with fundamental characteristics
As an extension of our empirical analysis, a recent concern raised by a World Bank report is addressed in this section. This relates to the poor coverage in the literature of the importance of social media in development outcomes, especially for developing countries (World Bank, 2016) . In order to articulate the relevance of our analysis for developing nations, the dataset is disaggregated into regions and income levels. This decomposition by regions and income groups is in accordance with the World Bank's classification of income groups and a recent stream of development studies (Narayan et al., 2011; Beegle et al., 2016; Asongu and Nwachukwu, 2017; Mlachila et al., 2017; Asongu and Le Roux, 2017) 
Discussion
The negative relationship between social media and violent crime can be elucidated from two main perspectives: (i) friendly interactions for ideological moderation and (ii) ideological harmonisation. These two perceptions are expanded in chronological order.
First, a possible reason for the negative association between Facebook penetration and crime is because the information sharing platform does not exclusively connect people with problems in the society-the kind of disputes that could motivate them to resort to crime as a means to resolving them. Hence, diverse information on how to solve corresponding issues may provide Facebook users with avenues and solutions to the concerns that otherwise would have been resolved through violence and crime.
The consumption of conflicting information from social media (Kaplan and Haenlein, 2010) is not exclusively limited to interactions between acquaintances, co-workers, family and friends. This narrative is consistent with the literature maintaining that, selectivity of information is restricted because users of social media platforms are exposed to all types of information on conflict resolution and crime prevention from friends and acquaintances (Brundidge, 2010) . As recently explained by Barberá (2015) , in accordance with the Pew
Research Centre, as of 2013, approximately half of the users of social media (i.e. Facebook and Twitter), received information from a plethora of sites while about 78% of the underlying users were exposed incidentally to information. In summary, a social media platform is a mechanism by which friendly interactions and ideological moderation can assuage violent intensions. The medium of exchange and moderation has been generally supported by the mainstream literature on this channel. Most notably: (i) Burke and Kraut (2014) who concluded that there is a considerable overlap between offline and personal networks; (ii) Gilbert and Karahalios (2009) and Jones et al., (2013) Secondly, ideological moderation is facilitated by social media because users of social media are exposed to information from people with different ideologies and network heterogeneity (Mutz, 2006; Barberá, 2015) . This is contrary to a contending proposition in the literature that the exchange of information on social media is often between users of the same belief (Conover et al., 2012; Colleoni et al., 2014; Smith et al., 2014; Barberá and Rivero, 2014) . The position supported by findings in this study is that exposure to social media can moderate violent dispositions because of among others reasons relating to: "political tolerance" (Mutz, 2002) , "greater awareness of rationales for oppositional views" (Mutz, 2002, p.114) , a learning framework of socialization (Stoker and Jennings, 2008) and mitigation in overconfidence in ideological positions (Iyengar et al., 2012; Ortoleva and Snowberg, 2015) .
Concluding implications and future research directions
The study has examined the relationship between Facebook penetration and violent crime in a The findings have also contributed to the policy literature on the concern that the literature on the consequences of social media is sparse, especially in developing countries (World Bank, 2016) . Furthermore, when existing levels of crime are taken into account in the modelling exercise, the fact that social media is most effective in countries where the crime rate is highest. Such, is an indication that blanket policies on the interconnections between Facebook penetration and crime rates are ineffective unless the application is tailored distinctly across countries with high, intermediate and low levels of crime.
The findings of the study also have implications on the social theory literature because they complement the existing studies on the importance of social networks in the behaviour of citizens (Tufekci and Wilson, 2012; Bond et al., 2012; Vaccari et al., 2013) . As discussed in Section 4.3, our findings also clarify the relevance of social media in modulating violent tendencies owing to information diversity, ideological moderation and ideological harmonisation, when messages are disseminated via social media platforms such as the Facebook (McClurg, 2006; Klofstad, 2009; Barbera, 2015) .
In the light of the above, it is also worthwhile to emphasise that, with the exception of the Sub-Saharan African region, the findings in this study challenge the mainstream wisdom that social media fuels violence. The corresponding caveat is that, the established negative link between Facebook penetration and crime is not causal. However, in the absence of panel data, the use of cross-sectional data to inform scholars and policy makers on the interconnections between a new phenomenon (such as social media) and social outcomes (such as crime), is a worthwhile initial empirical exercise.
In the light of the above shortcomings, improving the findings with panel data in the assessment of whether the relationships extend to causality is advisable. Moreover, examining the feasibility of the suggested channels of association (i.e. ideological moderation and ideological harmonisation) is another interesting future research area. 
Appendices Appendix 1: Definition of variables
